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These studies present evidence that when human epi-
dermal cells are grown in culture they lose both the 
ability to stimulate the proliferation of allogeneic T 
lymphocytes in vitro and their expression of HLA-DR 
antigens . Our results also show that epidermal cells 
incubated with anti-HLA-DR serum lose their ability to 
stimulate the prolifera tion to allogeneic T lymphocytes 
in a mixed skin cell-ly mphocyte reaction. 
W e have developed a method to grow human epidermal cells 
in cu lture in t he a bsence o f a ny dermal components [IJ. The 
prese nt study offers evidence that huma n epiderm al cells grown 
in t his culture system do not stimulate a n a llograft reaction in 
vit ro. Initia lly, ep ide rma l ce ll cultures contain Langerhans ce lls 
(LC) which ex press HLA -DR antigens. Wi t h time, the epider-
mal cultures lose t he cells that express HLA-DR a ntigens a nd 
lose t he ir abili ty to stimulate a llogene ic T ce ll proli ferat ion in 
mixed s kin cell -lymphocyte reaction (MSLR). These resul ts 
a re in agree ment with the recently publis hed findings of Mor-
henn et a l [2] t hat huma n ep ide rma l ce lls cul tured on collagen 
gels do not synthesize HLA-DR. The resul ts of t hese studies 
suggest t he possibility that cu ltured human epidermal cells may 
n ot stimu late a n a llograft reaction in vivo. 
MATERIALS AND METHODS 
Source of Human Shin 
Skin specimens from breast, abdomen, and face have been grown in 
cul ture_ All skin specimens were grossly normal and were taken from 
patients wit hout systemic disease. These t issues were collected in 
cooperation with the Department of Pathology, New York Hospital. 
Growth of Epidermal CelL~ in Cu.ltu re 
The deta ils of the method we have developed for growing human 
epidermal cells in culture have been previously published [1) . These 
procedures involve the enzymatic separat ion of the epidermis from the 
dermis and the production of a single epidermal cell suspension for 
culture init.iation. 
Establishment of Mixed Shin Cell-Lymphocyte Reaction 
Lymphocyte suspensions were iso la t.ed from blood drawn from 
healthy volunteers, and fractionated in to T - and non-T -Iymphocyte 
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Abbreviations: 
B cell : bone marrow-derived lymphocyte 
la: immune response-associated antigen 
LC: Langerhans cell (s) 
MLC: mi xed lymphocyte culture 
MSL R: mi xed skin ce ll -lymphocyte react.ion 
popu lations according to previously published methods [3J. The details 
of t he method for establishing MSLR were previously published [3J. 
MSLR were a lso established afte r pretreatment. of epidermal cells wi th 
anti-DR serum and complement. In this experiment -107 cells were 
incubated (30 min , 4 · C) in 0.2 ml of either rabbit. ant.i -DR se rum 
(1:1000) or normal rabbit se rum (1:1000). As a source of complement 1 
ml of normal guinea pig se rum (1:30) , or medium alone, was added to 
the epidermal cell suspensions which were then incubated at 37· C for 
30 mi n. Following this incubation the cells were washed and cultivated 
in an MSLR. 
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Immunofluorescent Staini,ng for HLA -DR Antigens 
Si ngle ce ll suspensions of human epidermal cells or human T and 
non-T lymphocytes were stained with anti-DR se rum according to t he 
methods of Fit.hian et a l (4) . The anti -DR serum was the generous gift 
of Dr. A. K. Su lli van who correlated staining of epidermal cells with 
t.his ant iserum with t he presence of HLA-DR antigens on LC 15,61. 
The spec ificit.y of t he staining for HLA-DR expression was controlled 
by also stai ning the cell suspensions wi th F(ab ')" fragments from rabbi t 
antihuman HLA-DR serum , F (ab '» fragments from prei mmune rabbit 
se rum, and normal rabbi t. se rum. F(ab'). fragments of anti-HLA-DR 
serum were the kind gift of Dr. Nicholas Chi orazzi [7J . Cell suspensions 
were stained for HLA -A, -B, and -C expression wit.h rabbit antihuman 
beta-2- microglobulin (Accurate Chemical Co., Hicksv ille, New York) 
acco rding t.o t he procedure referred to above. 
Immunofluorescent Staining for Mac- 120 Antigen 
A monoclonal antibody that detects a 120,000 dalton determinant 
prese nt on approximately ~)0% of human peripheral blood monocytes 
was the generous gift of Drs. Howard V. RafT and J ohn D. Stobo. Single 
ce ll suspensions of human epidermal cells (collec t.ed as described above) 
and peripheral blood mononuclear cells enriched for adherent mono-
cytes (prepared according to the method of Raff et al) [8J were sta ined 
by the procedure referred to above. 
Ult:rastrucLu,ralldentification of LC in Epiderm.al Cell Su.spensions 
Epidermal cell suspensions were fixed with 3% glutaraldehyde in 0.1 
M cacodylate buffer for 24- 48 h at 4 ·C. The suspe nsions were then 
centrifugeud (200 g, 10 min) and incubated in a 3% aqueous solution 
of osmium tet roxide, dehydrated in a graded series of alcohols, and 
embedded in Epon. Ultrathin sections were cut and stained with uranyl 
acetat.e and lead citrate, and exa mined wi t h a J oel electron microscope. 
RESULTS 
Stimulation of Allogeneic Ly mphocytes in the MSLR by 
Epidermal Cells Before and After Growth in Culture 
The ability o f epidermal ce lls to stimulate the prolife rat ion 
of allogeneic T ly mphocytes in an MSLR can serve as a measure 
of histoincompatability . Purified T lymp hocytes were cocult i-
vated with allogeneic epidermal ce lls which had bee n fres hly 
isolated or grown in cu lture for 14 days. Afte r 6 days of 
cocultivation the degree of T-ce ll proliferation was taken as the 
amount of [:IHjthymidine [:IH]dThd incorporated during the 
[lna l 24 h of incubat ion . The a mount of stimulation was ex-
pressed as the average counts per minute (cpm) of triplicate 
wells. The results of 7 experiments are s hown in Table l. Prior 
to growth in culture t he epidermal cell preparat ions stimulated 
the mean incorporation of 39 X 10:1 ± 8 X 10:1 cpm of [:lH]dThd 
by a llogeneic T ce lls. After 7- 14 days' growth in cu lture the 
epiderma l cells did not stimulate a llogeneic T cell s to inco rpo-
rate [:IHjdThd above background levels. 
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TABLE 1. Epidermal cells before and after culture: correlation of T -cell 
stimulation and HLA- DR expression 
S kin 
sa mple 
Noncultured ep idermis 
I"HldThd 
incorporat ion a 
(cpm) 
Cells 
expressi ng 
HLA -DRb 
(% ) 
Cultured ep idermis 
I"HldThd 
inco rporat.i on 
(cpm) 
Ce lls 
exp ressing 
HLA-DR 
(% ) 
1 17X 10" 3.0 0 0 
2 25 X 10" 4.0 0.3 X 10'1 0 
3 52 x 10" 1.3 0 0 
4 78 X 10'3 2.0 0 0 
5 23 X 10'1 2.0 0 0 
6 36 X 103 4.1 0 0 
7 43 X 10" 3.2 0.3 X 10'1 0 
Average 39 X 103 ,. 2.8 0.09 X 10:1 0 
a Coun ts per minute (cpm) represent t.he average of t riplicate values 
of [3H]dThd inco rporation by T ce lls after cocultivation wit h a llogeneic 
epidermal ce lls in an MSLR. Bac kground counts were subtracted from 
these values, thus giv ing some zero va lues. Epidermal cells alone 
incorpora ted 0.6 X 10:1 ± 0.1 x 10'1 cp m, SEM. 
b The percent or ce lls t hat exp ressed HLA -DR antige ns was measured 
by staining t he epidermal cell suspensions with anti-HLA -DR serum 
a nd flu orescein -isothiocyanate-conjugated developing serum. 
c ± 8 X 10'\ st.a ndard error or the mean. 
The poss ibili ty t hat ep idermal cell s grown in cul ture acqu ire 
a capacity to nonspec ifica lly suppress an MSLR was exam ined 
by mixing 5 X 104 cul tured epidermal ce lls with 5 x 10' 
noncultured epide rmal ce lls prior to their irradiation and co-
cu ltivatio n with a llogeneic T lymphocytes in vitro. In 3 separate 
experiments t he mixture of cultured and noncultured cell s 
stimulated approximately one- half t he ["H]dThd incorporation 
by T ce lls as that stimulated by 10' noncultured cells. Thus it 
does not appea r that the cul tured epidermal cell s were ab le to 
suppress the MSLR. Furthermore, the inab ili ty of cu ltured 
cells to stimulate allogeneic T ce lls in an MSLR could not have 
been due to any alteration of t heir surface components by 
t rypsin since both cu ltured and noncultured cells were incu-
bated with trypsi n prior to their cocultivation with T cells in 
the MSLR. In addition, cul tured epidermal cells stained posi-
tively for expression of HLA-A , -B, and -C antigens with ant i-
beta-2-microglobulin se rum. 
E xpression of HLA -DR Antigens on Epidermal Cells Before 
and After Crowlh in Cu.ltu.re 
The stimulation of allogeneic T -ce ll proliferation in vitro has 
been shown to correlate with the presence of la- like or HLA-
DR antigens on the stimulating ce lls [9). LC and " inderminant" 
cells exp ress the 1a or HLA-DR antigens [10J . The number of 
cells bearing HLA-DR antigens in epidermal ce ll suspensions 
before and afte r growth in cu lture was determined. In 7 samples 
1-4% of cell s in the epidermal prepara tions prior to cu lture 
expressed HLA-DR determinants and a ll preparations stimu-
lated allogeneic T -cell proliferation (Table I). An average of 
2.7% of the epidermal ce lls expressed DR antigens before 
growth in culture. No cell s express ing DR antigens could be 
detected in cultured epidermal ce lls incubated for 14 days in 
vitro. These cultured epide rmal cells did not stimulate alloge-
neic T-cell proliferation in vitro. F(ab/)~ fragments of ant i-
HLA-DR ant ibody but not normal rabbit seru m stained t hese 
cells, excluding the possibility of antibodies binding to the Fc 
receptors of LC. 
Expression of Mac- 120 Antigen1; by Noncu.ltured EpidermaL 
Cells 
Langerhans cells have been ident ified as members of the 
macrophage-monocyte series of ce lls. Human peripheral blood 
monocytes which stimulate lymphocyte proliferation express 
Mac-120 determinants. Expression of Mac-120 ant igens by 
epidermal LC was examined. Cells in noncultured epide rmal 
preparation were not obse rved to bind t he Mac-120 antibod ies. 
Kinetics of Decreasing Expression of HLA -DR and MSLR 
Stimu.lation by EpidermaL CeLl.s in Cu.Lture 
The rate at which ep idermal cells in culture lost the expres-
sion of HLA-DR and the abi li ty to stimulate a llogeneic T -cell 
proliferation in vitro was determined for skin ce ll suspensions 
at various t imes before and during cu lture. The results of 1 of 
3 such experiments a re presented in Fig 1. T hese result.s, which 
are typica l for each of the experiments performed, show that 
noncultured cell s conta ined 7% cell s t hat expressed HLA-DR 
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F IC 1. The expression or la (HLA-DRl a nt.igens and t.he abilit y t.o 
stimulate ['IH ]dThd incorporation by al loge neic T ce ll s in an MSLR 
by epidermal ce lls prior to culture and after different periods of growth 
in cul ture. In the MSLR, lymphocytes were lIlcubated With noncultured 
or cultured epidermal ce lls for 144 h. ["H]dThd was added for t he fin a l 
24 h of incubat. ion. Data represent the average cpm of t riplica t.e 
cultures. Epidermal cells were stained for HLA -DR expression as 
described in the footnote for Table I. 
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FIC 2. The ability of noncultured epiderma l ce lls incubated wit h 
anti-DR se rum to stimu late t.he incorporation of ["HjdThd by a lloge-
neic T cells in a n MSLR. The epidermal ce lls were incubated with 
anti- HLA-DR serum or norma l rabbit serum in the absence or prese nce 
of complement prior to the MS LR. In the MSLR lymphocytes and 
epidermal ce lls were cocul t ivated a nd ana lyzed as described in t. he 
legend for Fig 1. A = T cells and un t reated skin ce ll s. T ce lls and skin 
ce lls treated with: B (ant.i-DR), C (anti -DR + C'), D (NRS + C') , a nd 
Ii (e ' a lone). 
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a nd stimulated all oge neic T ce ll s to inco rporate CH]dThd to 6 
x 10" cpm. After 2 days' growth in culture t he number of cells 
bearing HLA-DR decreased to 0.4 % and stimulated a llogene ic 
cells to incorporate only 6 x 10" cpm. Afte r 7 days' growth in 
cul ture, ep ide rmal prepa rat ions co uld not be demonstrated to 
conta in ce ll s t hat ex pressed HLA-DR a nd these preparat ions 
did not s t imu late a ll oge neic T ce ll s to inco rporate [aH]dThd. 
Elect ron Microscopic Examination of Epidermal Cells Before 
and AfLer GrowLh in Culture 
Epide rm al cell suspens ions were examined by electron mi -
croscopy before and a fte r growt h in culture in o rde r to dete r-
mine whether LC did not grow in cul ture o r grew but did not 
exp ress H LA-DR ant igens in cu lt ure. LC were identified by t he 
foll owi ng cri te ria: clear cytoplasm without to notilaments, ker-
ato hyaline gra nul es, or melanoso mes; lobulated nucleus; pres-
ence of "B irbeck " gra nul es; distinctive, in t racytoplasmic rod-
shaped orga nell es. One to two percent L C were identified by 
electron mic roscopy in 4 diffe rent epiderm al ce ll prepa ratio ns 
prior to cultu re. Afte r these 4 epiderm al cell preparations were 
grow n in cul ture fo r 14 days no L C cou ld be iden t ified in any 
of th ese prepa rations when more t han 10" cell s were examined 
by electron microscopy. 
M S LR Stimulation by Epidermal Cells After Preincubation 
with Anti-DR Sera and Complement 
'n orde r to esta bli sh whether epiderm al cell s expressing 
HLA-DR a nt igens were responsible for t he obse rved in vi t ro 
s timulat ion of a lloge neic T ce ll s, noncul t ured epide rma l cells 
were incubated with ant i-D R se rum a nd complemen t prior to 
being cul t ivated in a n MSLR. F ig 2 shows t he resul ts in 1 
experiment wh ich were typ ical of a ll 4 exp e riments performed. 
No ncultured epide rmal cells incubated wit.h eit he r a nti-DR 
serum or a nti -DR se rum and complement did not stimulate 
a llogeneic T ly mphocytes to incorpo rate signifi ca n t a moun ts o f 
["H IdThd above background levels. By compariso n, noncul -
tured epide rma l cell s incubated wi t h compl ement o r norma l 
rahhit. se rum a nd complement stimulated a lloge ne ic T lymp ho-
cy1es to inco rporate significant amoun ts of I:tH ]dThd. 
DI SCUSSION 
Ep iderm al ce lls have bee n shown to ex press DR antigen (11) 
a nd to stimu late t he proliferation of a ll oge neic lymphocytes in 
vit ro [12J. The resul ts presented he re co nfirm these characte r-
istics for noncu ltured keratin ocytes . Furthermore, the ex pe ri -
menta l ev idence prese nted he re co nfirms the findings of Mor-
henn et a l [2] t hat when hu ma n epide rm al cell s are grown in 
cul ture t hey lose both t heir expression of HLA-DR antigens 
a nd t heir capacity to stimulate a ll oge ne ic T -cell proliferation. 
Lafferty et al [ 181 observed that t he prolonged survival in vivo 
of cultured thyroid allograft was associated wit h the loss of 
passe nge r leukocytes which ex press la (H LA -DR in humans) 
antigens. LC express HLA-DR ant igens a ne! may playa simila r 
role in the epidermi s. Surviva l of a n epide rma l a ll ogra ft might 
be prolonged if a ll epidermal cell s expressing HLA-DR, includ-
ing LC, could he eliminated from t he gra fl. W e observed t hat 
ce ll s wh ich express HLA -OR were dec reased in the epide rmal 
cultu res a fte r 2 days and were a bse n t a fte r 7 days. In pa ralle l, 
t hese same epide rm al cell s progress ive ly lost their a bili ty to 
stllTIu late a llogeneic T -cell proliferation in vitro. 
Loss of LC in cu ltu re was documented by electron mi cros-
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copy. Epidermal cell suspensions before culture conta ined 2-
2.6% LC by e lectron mic roscop ic crite ri a. Epidermal ce ll sus-
pensions cultured 7 days contained no LC that could be iden -
t ifi ed by electron mic roscopy . Therefore, the loss of HLA -DR-
pos itive ce lls in cultured ep iderma l cell populations appea rs to 
refl ect the loss of LC. Stingl et a l tested t he stimulatory capacity 
of guinea pig epiderma l ce ll s in a secondary MLSR a nd found 
t hat t he level of stimu lation by epidermal cell suspensions was 
directly correlated with the percentage of LC [14]. They were 
a ble to abo li sh th is T -lymphocyte response by t reating t he 
epidermal cell s with anti-1a se rum a nd complement. Our resul ts 
with huma n cell s in a prima ry M S LR system confirm this 
obse rvation a nd show t hat the fai lure of cultured epidermal 
ce ll s to st imulate T -cell proliferation appears to be due to a 
loss of LC. 
It has been suggested that t he number of la-bearing LC in 
skin a llografts migh t be decreased by pretreat.ment with anti -
1a se rum a nd complement [1 4] or by irradiation with UV 
radiat ion [15]. Our cu lture system produces an epidermal cell 
a llogra ft which contains no la -bearing ce lls. It, t herefore, seems 
appropriate to in vestigate t he use of cu lt ured epidermal cell s 
as a llografts . 
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